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Effect of fungal endophyte on crown rust severity in perennial ryegrass and inoculation of perennial ryegrass with 
fungal endophyte
Introduction
Perennial ryegrass (Lolium perenne L.) is a grass species 
commonly used for forage and turfgrass. Perennial ryegrass is 
susceptible to stem and crown rust (Puccinia graminis subsp. 
graminicola and Puccinia coronata f. sp. lolii), which can cause seed 
production losses as high as 93% (Bonos, Clarke, & Meyer, 2006). 
Perennial ryegrass is able to form a symbiotic relationship with 
fungal endophytes, including Epichloe festucae var. lolii, which can 
improve stress tolerance and insect resistance, however their effect 
on pathogens is less clear (Bastias et al., 2017). Effective rust 
resistance through fungal endophytes could reduce the economic 
and environmental burden of fungicide currently used on perennial 
ryegrass turf (Pfender & Eynard, 2009).
E. festucae spreads solely by infecting the seed of their host plant, 
making their use in breeding more difficult (Clay, 1988). Artificial 
endophyte inoculation would avoid this problem, however past 
attempts have had low success rates (Latch and Christensen, 1985; 
Simpson et al., 1997).   
The objectives of this study were to measure the rust resistance of 
several populations of perennial ryegrass in field conditions and to 
develop a method of endophyte inoculation into a novel host. 
Endophyte effect on rust infection in 
perennial ryegrass
Methods
Five isogenic pairs of E+ and E- plants from 14 accessions were 
available from past research conducted by the University of 
Minnesota Turfgrass Research Lab for use in this experiment. 
Plants were transplanted from a greenhouse to a field plot in Saint 
Paul, MN in May 2017. The field was bordered by a highly 
susceptible perennial ryegrass variety to maximize natural crown 
rust infection throughout the field. Once rust infection occurred, the 
plants were visually rated for rust infection using the modified Cobb 
scale. The final rating at the height of infection (taken 8/8/17) was 
used to evaluate rust resistance, using an analysis of variance test.
Inoculation of perennial ryegrass with 
fungal endophyte
Methods
The second test had only one E+ result by immunoblot tests, this 
plant was exposed to 2 days of darkness before and after 
inoculation with the RC endophyte. However, later microscopy tests 
could not confirm endophyte infection. 
Conclusions
While some infection was observed, the overall rate was lower 
than many previous studies and the infection does not appear to 
have been permanent. Previous studies only tested for 
endophyte infection soon after inoculation, and did not include 
tests months after inoculation (Latch and Christensen, 1985; 
Simpson et al., 1997). The results of this study suggest that while 
endophyte may be able to integrate into a novel host initially, long 
term endophyte survival in the novel host seems to be hindered 
by additional factors. The reason for this may be related to the 
explanation of endophyte integration given by Bastias et al. 
(2017), where chemicals released by the endophyte to suppress 
plant defense may be adapted to only their natural host. 
Results
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Results
The overall effect of endophyte on rust rating was not statistically 
significant (p-value= 0.72), while the effect of accession on rust rating 
was very significant (p-value≈ 0). Accessions G.2, J.5, P.1, W.4, and 
Y.1 had significant differences between the E+ and E- plants within the 
accession. G.2, J.5, and Y.1 had higher rust infection in E- plants.
Endophytes from 8 accessions were isolated from pseudostem
tissue onto full strength PDA media. Once hyphae were visible, the 
endophyte was subcultured onto new PDA media. Individual tillers 
of the E- cultivar ‘Spreader IV’ were surface sterilized by 
submersion in 0.083% NaClO. Necrotic leaves were removed, and 
roots were trimmed to 1 cm. 
Endophyte mycelia were chopped into small cubes and further 
broken down into a paste using a scoopula. The mycelia paste 
was put in an 18 gauge syringe and run into a 22 gauge syringe. 
The syringe needle was then inserted through the meristem above 
the crown and approximately 50 uL of mycelia paste was inserted 
into the wound as the syringe was pulled back.
Inoculated tillers were then 
transferred to Magenta boxes 
containing water agar media. 
Magenta boxes were kept in a 
dark cabinet in the lab for 2 days 
to allow for endophyte infection, 
then transferred to a growth 
chamber. After 18 days, plants 
were transferred to sterile 
rockwool in a greenhouse. After 
7 more days the plants were 
transferred to soilless media and 
tested for presence of 
endophyte after 21 total days.
exposed to 8 days of darkness 
before inoculation, 4 days of 
darkness before inoculation, 4 days 
of darkness before and after 
inoculation, 2 days of darkness 
before and after inoculation, 4 days 
of darkness after inoculation, 8 days 
of darkness after inoculation, and a 
control that received no days of 
darkness. Tillers were inoculated with 
either Y.0 or RC mycelia in the 
manner previously described. 
The initial immunoblot test for the first set of plants indicated 
endophyte presence in 12 of 422 surviving plants. 11 of these were 
inoculated with endophyte isolated from the Y.0 accession, 1 was 
isolated from A.4. However, the second immunoblot test indicated 
no endophyte presence in any of the plants.
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Conclusions
Overall, the effect of E. festucae on rust infection of perennial 
ryegrass was minor and only rarely statistically significant. The 
effect was much smaller than the effect of plant genotype. The 
effect was not consistently positive or negative, suggesting host-
endophyte interaction is complex and inconsistent. Bastias et al. 
(2017) offers a possible explanation of why endophyte infection 
could increase susceptibility to biotrophic pathogens, relating to 
the suppression of defense mechanisms in the plant to allow for 
endophyte infection. However, some genotypes displayed 
increased rust resistance with endophyte infection, suggesting 
that other factors may be involved that vary between host and 
endophyte. 
Tissue print immunoblot tests were 
conducted to detect endophyte 
presence when plants had at least 2 
tillers of sufficient size to conduct the 
test (approximately 3mm in diameter). 
Plants giving positive results were 
tested again by microscopy about a 
month after the initial test.
This process was repeated using endophyte isolated from the 
‘GreenEmperor’ cultivar (Y.0) used in the previous experiments as 
well as the ‘Rose City’ isolate (RC) received from the Rutgers 
University Center for Turfgrass Science. 378 ‘Spreader IV’ tillers 
were evenly divided into groups
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